The high osmolarity glycerol (HOG) signaling pathway is central to an elaborate stress 48 response that reduces cellular damage and death in unpredictably changing osmotic 49 environments when the balance between external solutes and free water pressure in the cell can 50 change suddenly 3 . A main function of the HOG pathway is the production and accumulation of 51 intracellular glycerol, which restores water balance and, as demonstrated by a large body of work 52 from many labs, is essential for survival, adaptation and proliferation in hyperosmotic stress [3] [4] [5] [6] [7] [8] .
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In the wild, yeast and other microorganisms must balance their immediate survival against osmostress-sensitive kinases that respond to upward and downward changes in water balance 14 , 112 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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116
Consistent with acting negative regulation, there was a strong and highly significant 117 correlation between early mortality (0 -2 hour decreases in viability) and later accumulations of 118 GPD1::GFP (2 -4 hours; negatively correlated, their rates of change remained positively correlated (2 -4 hours; Table 2) 127 prompting a parsimonious and more widely accepted interpretation that osmotic stress signaling 128 promotes adaptation and viability during both the initial and recovery phases of the response
129
( Figure 1C , insets). hours ( Figure 1D ). And by 6 hours, early mortality and recovery were over 98% correlated (R (41/50 strains) but they could not adapt and did not grow ('static viability'). When they were 151 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/039982 doi: bioRxiv preprint first posted online Feb. 18, 2016;  6 plated on fresh isotonic media some cells in nearly every strain recovered rapidly and grew 152 ( Figure S2 ). When we tested their limits of adaptation on increasing concentrations of KCl three 153 strains grew at 2.9 M KCl and all but one strain grew on 2.6 M KCl media (Table 3) 
167
We used a Gaussian mixture model to assign the cells in each sample to four 
Continuous variation in signaling behavior

182
In order to map osmotic stress-responsive signaling onto survival more directly we next constructed from 17,000 randomly chosen permutations of the data over replicate samples and 190 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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193
The unique signaling trajectories of most strains were highly reproducible,
194
demonstrating the genetic basis of strain-specific proportions of cells with divergent behaviors
195
( Figure S3 ). Based on their shared and strain-specific signaling behaviors, the 50 strains in our 196 population rapidly converged onto two large groups made up of six mean clusters (Figure 2 ).
197
Each strain was further ordered within and between mean clusters and clades based on their
198
clustering statistics, with their rank order describing increasingly rapid accumulations of 199 GPD1::GFP and 'reckless' signaling ( Figure S4 ). Both mean cluster and rank predicted viability 200 over time ( Figure S5 and 3B) and directly observed by microscopy ( Figure 2B) and more cell divisions in E1 initially favor lower P and a higher proportion of reckless cells.
264
Longer lag periods (e.g. more severe conditions) and fewer cell divisions favor higher P and a 265 higher proportion of cautious cells. Our empirical data were consistent with this model -266 lower-ranked strains with more cautious signaling behaviors, longer lag periods and fewer 267 attempted cell divisions became increasingly fit over time in extreme osmotic stress (Table 4) .
268
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The URA3 gene of the sporulated wild haploids (MATa) was deleted using standard gene wild strains and a laboratory strain met these criteria (see Tables 1 and S1 for strain details).
323
Construction of synthetic population of GPD1::GFP wild/lab diploids
324
The common laboratory strain BY stably integrated GFP reporter strain was created by replacing 325 the GPD1 gene with GFP gene using a deletion cassette containing a URA3 marker for selection peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/039982 doi: bioRxiv preprint first posted online Feb. 18, 2016;  11 with 1.7 ml cold ethanol and stored at -20 o C at least 20 minutes, centrifuged at 2300 rpm for 5 339 min, washed with 100 mM Tris-HCl (pH 7.8) twice, and suspended in 500 ul of 100 mM Tris-HCl 340 (pH 7.8). To digest ribonucleic acids 10 ul of 10 mg/ml RNase A was added to cell suspension 
Microfluidics
358
We employed custom made microfluidics devices with two fluid inputs as described previously 12 .
359
Experiments were run at ambient room temperature. Yeast cells were observed using Nikon
360
TS100 and recorded using a digital camera (Photometrics CoolSnap HQ2) operated by Metavue 361 (Molecular Dynamics). Analysis of acquired images was performed using Image J software. The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/039982 doi: bioRxiv preprint first posted online Feb. 18, 2016;  exact number of distributions to be fit is a parameter that is not determined by the model and was 378 determined from the data. We found that fitting both GPD1::GFP and forward scatter worked 379 slightly better than GPD1::GFP in fitting the data, and that 4 distributions provided more stable 380 fits than 3 distributions.< Figure S3 -fit distributions G0-G4). Multi-normal fits were performed with 381 the sklearn.mixture.GMM Gaussian Mixture Model algorithm of Python scikit package 382 (http://scikit-learn.org/stable/index.html). The exact number of distributions to be fit is a 383 parameter that is not determined by the model, not determined from the data. We found that 384 fitting both GPD1::GFP and forward scatter worked slightly better than GPD1::GFP in fitting the 385 data, and that 4 distributions was better (smaller ??) than 3 distributions.< Figure S3 -fit 386 distributions G0-G4). the Kullbak-Leibler distance function was used to follow the behavior of each strain over time.
394
Strains and timepoints were replicated between 4 and 15 times. To control for variation in 395 sampling and clustering outcomes samples were randomly drawn for each strain and time point 396 with equal probability for 17000 permutations. Ward"s method using the fastcluster implementation in Python 30 (http://www.jstatsoft.org/v53/i09/).
414
We found stronger cluster when performing the same analysis using the combined GPD1::GFP
415
and forward scattering for each cell in the flow cytometry, and unless stated otherwise the 416 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The of older cells and rates of cell division were assumed to be equal for all cell types.
428
Results were independent of the number of generations in the first environment except as shown 429 when E1 was the first environment. 160-171 (2009 Table S1 for details.
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